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An efficient and reliable protocol for the in vitro propagation of Dierama luteoalbidum, an endangered and horticulturally important plant
is described. D. luteoalbidum seeds were germinated in vitro on full-strength solid (Murashige and Skoog, 1962) medium following
decontamination. Hypocotyl explants obtained from the seedlings formed multiple shoots on MS medium supplemented with 0.5 mg L−1 BA
(4 shoots being initiated per explant) while an increase in the BA concentration (1–2 m gL−1) and addition of NAA (1 mg L−1) increased the
incidence of callus. After 6–8 weeks, shoots were reduced to meristemoids when transferred to a liquid-shake MS medium supplemented with
0.5 mg L−1 BA for mass propagation. These formed secondary shoots after 3–4 weeks on solid MS medium containing 0.5 mg L−1 BA. Rooting
of the plantlets occurred readily but was significantly promoted by adding 6–8% sucrose. Shoots left undisturbed on the same medium for
6 months responded by forming corms. The addition of paclobutrazol (5–10 mg L−1) reduced the corm induction period to 3 months. Microplants
transferred to a peat: compost: bark mixture (1:1:1) (v/v/v) in the greenhouse had a survival rate of 100%. All acclimatized plantlets formed corms
after 6 months following the application of 1% (v/v) Kelpak — a seaweed concentrate.
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The effect of various concentrations of BA and NAA on organogenesis using
hypocotyl explants of Dierama luteoalbidum
BA
(mg L−1)
NAA
(mg L−1)
Mean number of shoots per
explant
Root
formation
Callus
formation1. Introduction
Dierama belongs to the Iridaceae, within the Ixioideae sub-
family (Goldblatt, 1971). There are about 44 species, distributed
from the southern Cape northwards through southern and eastern
Africa, with the greatest number of species in KwaZulu-Natal
(Hilliard and Burtt, 1991). The distribution of Dierama popula-
tions is always restricted to moist grasslands and shows a marked
structural uniformity in the genus (Hilliard and Burtt, 1991).
KwaZulu-Natal also has the widest range of flower colour andAbbreviations: AC, Activated charcoal; BA, Benzyladenine; FW, Fresh
weight; GI, Growth index; NAA, Naphthaleneacetic acid; rpm, Revolutions per
minute.
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doi:10.1016/j.sajb.2006.04.002only in the midlands can D. luteoalbidum, which has a cream
to white coloured perianth, be found (Fig. 5A). It is not to be
confused with D. argyreum, which is also white-flowered,
although often tinged with pink or mauve (Hilliard and Burtt,0.0 0.0 1.7±0.4 b + −
0.5 0.0 4.2±0.9 a + −
1.0 0.0 3.8±0.9 a − +
2.0 0.0 2.7±1.0 ab − +
0.5 1.0 1.4±0.3 b − +
1.0 1.0 1.6±0.4 b − +
2.0 1.0 1.7±0.5 b − +
+ and − indicate presence or absence.
LSD (5 %)=1.3.
Treatments with different letters are significantly different at P<0.05.
ts reserved.
Fig. 1. The growth index of D. luteoalbidum shoots in solid and liquid MS
medium containing 0.5 mg L−1 BA after 8 weeks.
Fig. 3. The effect of sucrose and activated charcoal on in vitro corm formation of
D. luteoalbidum after 6 months.
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go dormant, as in Crocus and Gladiolus, and the leaves are
evergreen. The corms are not edible but are harvested for medi-
cinal purposes. The long, tough leaves are used as cordage and/or
as a source of fibre (Hilliard and Burtt, 1991).D. luteoalbidum is
one of five endangered Dierama species endemic to KwaZulu-
Natal that are threatened due to grassland transformation by
agriculture and forestry (Scott-Shaw, 1999). Annual propagation
bymeans of corms or seeds is not a feasible option for these plants
as it is extremely slow. Even though the Dierama seeds are not
reported to be recalcitrant (Hilliard and Burtt, 1991), propagation
is further complicated by the susceptibility of the seeds to attack
by the wild beetle, Urodon lilii. Tissue culture techniques were
thus applied with the intention of rapidly propagating this
endangered species with horticultural potential.
2. Materials and methods
Seeds of Dierama luteoalbidum Verdoorn were collected at
Pevensey (2929 DC), Underberg (South Africa) by Mr Rogan
Roth in December 2001 and were stored at room temperature.Fig. 2. The effect of sucrose on the production of D. luteoalbidum roots after
3 months on solid MS medium.All the tissue culture media used in this study were decon-
taminated by autoclaving at 121 °C and 103 kPa for 20 min.
When gelling agents were added to the medium the pH was
adjusted to 5.8 with KOH prior to autoclaving. To initiate in
vitro cultures, seed decontamination was carried out as follows:
a one-minute dip in 70% (v/v) ethanol followed by a 15-min
soak in 3.5% (w/v) sodium hypochloride. The seeds were then
rinsed several times with sterile distilled water before asep-
tically transferring them to 80×25 ml tubes containing 10 ml of
Murashige and Skoog (MS) (1962) medium, solidified with 2 g
L−1 Gelrite (Labretoria, South Africa). The cultures were grown
in the light (16-h photoperiod) and at a temperature of ±25 °C.
Cool white fluorescent lamps (L75W/20X Osram, USA, Code
F961T12) provided a light intensity of 71 μmol m−2 s−1.
28 days after the seeds had germinated and elongated to about
6 cm, the hypocotyl explants were placed on solid MS medium
supplemented with various concentrations of BA (0–2 mg L−1)
and NAA (1 mg L−1) for multiple shoot formation, for 6 weeks.
The multiple shoots were trimmed to about 2 cm and then
separated into single shoots. Each shoot was then immersed in
40 ml of liquid MS medium supplemented with 0.5 mg L−1 BAFig. 4. The effect of various levels of paclobutrazol on in vitro corm formation
of D. luteoalbidum after 3 months.
Fig. 5. Micropropagation of D. luteoalbidum. (A) Inflorescence with white, bell-shaped flowers. (B) Multiple shooting from hypocotyls on MS medium supplemented
with 0.5 mg L−1 BA after 6 weeks. (C) Meristemoids on solid MS medium supplemented with 0.5 mg L−1 BA for shoot elongation. (D) Corm induction on 8%
sucrose. (E) Multiple corm production on MS medium supplemented with 10 mg L−1 paclobutrazol after 3 months. (F) Six month-old plantlets in the greenhouse.
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a tinfoil cap. The cultures were transferred to the growth room
and shaken on a rotary shaker set at 120 rpm. The medium was
changed every 6 to 8 weeks and the fresh weight (FW) of the
propagules was measured each time. The meristemoids
(compact buds which, in the absence of leaf development,
form spherical organized structures that continue to divide
actively in liquid cultures (Ziv, 1989, 1990)) were transferred to
solidified MS medium supplemented with 0.5 mg L−1 BA for
shoot elongation in culture tubes. The shoots were then rooted
using various concentrations of sucrose (2–8%) (w/v) and
activated charcoal (5 g L−1). Shoots, kept in the same medium
for 6 months, formed corms. Paclobutrazol (5–10 mg L−1) was
also tested for its effect on corm induction. Prior to transplant-
ing, in vitro-rooted propagules were dipped in 0.15% (w/v)
Benlate (500 g kg−1 benomyl as the active ingredient; DuPont
de Nemours, South Africa); potted in pre-autoclaved peat: bark:
compost (1:1:1) (v/v/v) or soil: sand: vermiculite (1:1:1) (v/v/v)potting mixtures and kept in the mist house for 4 weeks.
Intermittent mist irrigation was automatically controlled by an
‘electronic leaflet’ solenoid valve system in the mist house
(bottom heat of 30 °C). From the mist house, acclimatized
plants were relocated to the greenhouse and watered with 0.1%
(v/v) Kelpak (0.0031 mg L−1 cytokinin active ingredient; Kelp
products, South Africa). For statistical analysis of the results,
each experiment had at least three replicates, depending on the
availability of the plant material. The results were statistically
analyzed using ANOVA at the 95% confidence interval
(Genstat 4.1 1993).
3. Results and discussion
Shoot culture induction of D. luteoalbidum from hypocotyl
explants was successful in the presence of plant growth regulators
(Table 1). The highest number of shoots, with 4 shoots being
associated with each explant, was obtained when 0.5 mg L−1 BA
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was not significantly different from the other levels of BAused (in
the absence of NAA). The production of multiple shoots using
0.5 mg L−1 BA has also been observed in Gladiolus species (De
Bruyn and Ferreira, 1992; Dantu and Bhojwani, 1995) and in the
propagation of Dierama latifolium, where 0.5–1.0 mg L−1 BA
was used (Page and van Staden, 1985). The best rooting response
was obtained in a plant growth regulator-free medium. The in-
clusion of BA (1–2mgL−1 BA) led to the formation of callus and
inhibited rooting (Table 1).
Bulking-up the shoots in a liquid-shake medium containing
0.5 mg L−1 BAwas very successful. After 6–8 weeks, the shoots
gave rise to meristemoid clusters (Fig. 5C) which could either be
used for further multiplication or for shoot elongation on solid MS
medium. The benefit of meristemoid production, often observed in
shaken or rotated liquid cultures of other bulbous plants, is that it
reduces the incidence of hyperhydric shoots (Ziv, 1989, 1990). The
average fresh weight of the meristemoids on liquid medium was
greater than the shoot clusters formed on solid medium (Fig. 1).
The cytokinin in the medium in conjunction with continuous
agitation may have been responsible for the production of meris-
temoids, as suggested by Lilien-Kipnis et al. (1992). It must be
noted that the use of growth retardants for meristemoid induction is
also common (Ziv, 1989, 1990; Lilien-Kipnis et al., 1992).
The healthy shoots were rooted on a solid MS medium
supplemented with higher levels of sucrose but free of phyto-
hormones. Rooting of plantlets was best when the growth
medium was supplemented with sucrose at 6 to 8% (w/v) as the
highest numbers of roots were formed under these conditions
(Fig. 2). The addition of 5 g L−1 activated charcoal only sig-
nificantly promoted root length in the presence of 6% sucrose.
Phytohormone-free media may be suitable for rooting, as was
reported in D. latifolium (Page and van Staden, 1985). In this
study, the rooted shoots left undisturbed for 6 months in the
high sucrose-containing medium, formed small cormlets (Figs. 3
and 5D). This is consistent with reports for other bulbous species.
In Gladiolus, for example, sucrose, at levels of 6–9%, was
used for corm induction (De Bruyn and Ferreira, 1992; Dantu
and Bhojwani, 1995). Sucrose is an important constituent of the
growth medium which acts as an energy source to promote
organogenesis (Van Aartrijk and Blom-Barhoorn, 1980). Starch,
which is one of the storage forms of carbohydrates, is found in
abundance in corms and bulbs (Vishnevetsky et al., 2000).
Although the addition of paclobutrazol to themedium inhibited
rooting, the corm producing period was reduced to only 3 months
with more corms being produced when paclobutrazol was added
at concentrations of 5 and 10 mg L−1 (Figs. 4 and 5E). In species
like Gladiolus, growth retardants, such as paclobutrazol, inhibit
leaf growth and induce the formation of protocorm aggregates by
interfering with gibberellin biosynthesis (Ziv, 1989). In Dierama
however, leaf growth was not inhibited although root growth was
stunted. When paclobutrazol was omitted from the high sucrose
corm induction medium, multiple shoots formed whereas
corm clusters developed when the medium contained the growth
retardant. Both these morphogenic responses may be beneficial
for propagation purposes. The multiple shoots could either be
rooted or subcultured in liquid medium for further multiplicationin order to establish a continuous culture system that could be
implemented on a commercial scale. The corm clusters could also
serve as secondary explants for multiplying this species. The only
disadvantage of using paclobutrazol is poor rooting, which could
affect survival ex vitro.
Of the rooted plants, 80% survived in the soil: sand: vermiculite
pottingmixture and 100% in the peat: compost: barkmixture after
4 weeks in the mist house (Fig. 5F). The peat: compost: bark soil
mixture retained more water than the soil: sand: vermiculite; a
possible explanation for the higher survival rate. The elimination
of any possible contaminants by autoclaving the soil, dipping the
plantlets in Benlate (a fungicide) plus thoroughly washing-off the
growth medium may also have positively contributed to the
successful transfer of the plantlets ex vitro. On average, each
plantlet gave rise to a corm, when 1% (v/v) Kelpak was applied as
a soil drench. The average fresh weight and diameter of the corms
was also promoted by the application of Kelpak (data not shown).
Kelpak is a seaweed concentrate isolated from Ecklonia maxima
(Lindsey et al., 1998) that contains macro- and micro-nutrients,
essential vitamins and amino acids and plant regulatory hormones
(Koen, 2001). Other workers have used it to increase root growth
(Crouch and van Staden, 1991; Lindsey et al., 1998).
This simple but highly efficient protocol for the micropro-
pagation ofD. luteoalbidum could easily be adopted for the rapid
propagation of other endangered Dierama species in the future.
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